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ABSTRACT: 

The age related bone loss is a major concern of the older age. The progressive bone loss leads to the weakening of the bone and leads 
to fractures. The fractures of the femur are the most common problem of the aged population all over the world. Most of the time; 
the femur implantation surgery is required to be performed in order to repair these fractures. The success of the femur implantation 
depends on many factors which are of biological and mechanical in nature. The biological problems can be tackled with the help of 
the drugs whereas mechanical problems such as micro motion of the implant, appropriate selection of the implant, quality of bone 
bed, implant material etc. requires the pre-fixation analysis so as to suit the patient’s requirements. The implant should perform for 
the life time of the patient hence the durability of implant fixation is very important as the revision surgery becomes critical if the 
earlier implant selection and fixation is not done properly. The load sharing characteristics of the bone changes with the insertion of 
the implant. Stiffer implant shares more load and shields the bone from stress; which affects the development of bone. The 
consequence of stress shielding will lead to further weakening of the bone bed. In this article the effects of various parameters on the 
load sharing between the bone and implant are studied using finite element technique in order to get the first hand information on the 


various material and geometric aspects of the implant as well as the bone. 
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INTRODUCTION 

Osteoporosis disease causes the reduction in the adult 
bone mass and deterioration of the bone microstructure 
leading to increase in the bone fragility and 
susceptibility to fractures. The hip fractures are an 
important site of the fracture for the older population. 
The hip fractures seem to increase dramatically after 
the age of 50 especially in case of women [1]. Since 
the elderly people are the fastest growing population 
group in the world [2], the hip fractures prevention and 
surgeries is going to be a challenging task. The 
mechanism of the hip fractures in elder people can be 
usually by fall or physiological overloading. It has 
been further evident that the lateral fall is the dominant 
factor as the kinetic energy during the fall is one order 
higher than the energy required for the fracture of the 
femur [1, 3]. Most of the times; hip fractures are 
required to be fitted with the implant. The type of the 
implant fitment is selected based on the number of 
factors such as age, quality of the bone bed, previous 
medical history of the patient, cause of joint failure etc. 
usually two types of implant fitment techniques are 
available; either the choice is cemented implant or 
uncemented implant. Based on the age of the patient 
the cemented implant is preferred for the elderly 
patient as the chances of the bone remodelling are 
comparatively less whereas for the younger patients 
the uncemented implant fixation is recommended [4]. 
In both the cases it is very important to select the 
appropriate implant for the fixation. The mechanical 
behaviour of the implant is governed by the loading to 
which the implant is subjected during day to day 
activities of the patient. The load transfer pattern 


between the bone and the implant is responsible for the 
stress shielding. The use of finite element technique 
presented in this article gives an insight into the stress 
shielding phenomena which is responsible for the 
deterioration of the bone bed; which causes the 
revision surgery more challenging. 

BONE AND MATERIAL 
PROPERTIES 

The human bone can be categorised into two types at 
the microscopic level, the dense bone as cortical bone 
and the less dense bone as trabecular bone. The human 
femur consists of both; the outer one is cortical and the 
inner one is trabecular. Structurally the cortical bone is 
compact and 80% to 90% of the volume is calcified 
whereas only 15% to 20% of trabecular bone is 
calcified. The cortical bone serves the mechanical 
purpose of protecting the inner soft bone and tissues 
whereas the trabecular bone serves the metabolic 
purpose [5]. The survey of 300 research papers reveals 
that properties of the cortical and trabecular bone are 
the function of the apparent bone density [6]. The 
average value of modulus of the elasticity for both the 
cortical and trabecular bone is expressed as a power 
law correlation with the apparent density. The elastic 
modulus of the cortical bone varies in the range of 11 
to 20 GPa [7] whereas for the trabecular bone it is less 
than the cortical bone. 


IMPLANT 


The hip implant material is required to be bio 
compatible; meaning that the implant should respond 
appropriately to a given physiological condition. The 
implants are meant to stay in the body of the patient for 
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the either medium term or long term. The implants like 
bone and joint replacements, dental prosthesis, stents, 
heart pacemakers and heart valve are expected to stay 
in the patient’s body permanently whereas implants 
like tissue scaffolds (skin replacement and 
reconstruction) are made from biodegradable material 
are medium term implants [8]. The hip joint implant is 
expected to stay permanently in the human body and 
also it should be light in weight and it should be strong 
enough to sustain the physiological load due to daily 
activities. The various materials satisfy these 
requirements but most commonly used materials are 
titanium, cobalt chromium and stainless steel. These 
materials are biocompatible as well as they have very 
high mechanical strength and they can be inserted into 
the human body without any reaction to biological and 
physiological systems. The mechanical properties of 
these implant material is as mentioned in the ASTM 
standard [9] are given in Table1.0 


Table1.0 Mechanical properties of implant 


Material E(GPa) 
316L Stainless steel 190 
Cobalt Chromium 210 
Ti-6AL-4V 116 


The elastic modulus of the implant varies in the wide 
range as can be revealed from table1.0. Comparing the 
stiffness of bone and implant, the elastic modulus of 
implant is almost ten times more than that of healthy 
bone. Therefore patient specific selection of the 
implant becomes a challenging task; as from 
mechanical aspect; the improper stiffness implant may 
lead to stiffness incompatibility of bone and implant as 
a result the long term bonding of implant and bone gets 
impaired. 


FINITE ELEMENT MODEL OF IMPLANTED 
FEMUR 

The finite element model of the implanted femur can 
be made using the layered images from the computed 
tomography (CT scan data) using the commercially 
available image processing software. This method is 
time consuming and requires more computing 
resources and expertise. Also the parametric variation 
becomes difficult. In view of this; a simplified model 
of the implanted femur is used to study the load 
transfer phenomena. The actual implanted femur is as 
shown in fig. 1.0 


To study the mechanical behaviour of the implant; 
actual model required to be modified in respect of the 
geometric complexities. The simplifications are 
proposed with the consideration that the overall 
mechanics of the load transfer does not get changed. 
The finite element (FE) model used for the parametric 
analysis is as shown in fig. 2. 
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Canal Stem Bone 
Implanted length 


Fig.1.0 Actual implanted femur 


Bone Cement Implant 


Fig.2.0 FE model of bone and implant (cemented) 


The FE models are developed for both cemented and 
uncemented implant. In the uncemented implant the 
system is of two components (bone and cement) but in 
case of cemented implant it becomes the three 
component system. The size of the implant for the 
same bone with cemented implant is small compared 
to uncemented implant. In the cemented system there 
are two interface surfaces whereas in the uncemented 
system interface surface is only one. 


In both the fitments, the implant is subjected to axial, 
bending and transverse loads. The magnitude of the 
load varies depending upon the daily activities of the 
patient and also with the age and body weight of the 
patient. The literature mentions a range of about 150 — 
450%BW for the peak contact force during level 
walking and in one case it is even 750%BW. The wide 
variation in load values suggests that there is no 
definite value exists for the peak joint contact force 
[10].The predominant effect of physiological loading is 
bending [11]. The offset of the femur head leads to 
more bending load than the axial load. In the present 
analysis bending load of 5 times the average weight of 
the person is considered in the parametric model to 
study the load sharing pattern. 


RESULT OF THE FE ANALYSIS 

The finite element analysis was performed for the 
cemented and uncemented implant. The averaged outer 
diameter of the bone is taken 30 mm as the periosteal 
diameter of 24, 27 and 30 mm represent the small, 
medium and large bone [4] and the inner bone 
diameter is taken to be 20mm. The maximum implant 
size which can be fitted without cement is equal to 
inner bone diameter. For the finite element analysis the 
bone, cement and implant are considered to be linear 


International Journal of Medical Sciences and Technology (2010), Volume 3, Issue 3, Page(s): 21-24 


elastic isotropic material with the transverse load 
acting at the free stem end of the implant. The finite 
element analysis is done for the cemented implant 
having diameter 10mm rigidly fixed. The result of the 
Von Misses stress distribution for the 10mm size 
implant is shown infig.3.0 


357774 31.425 62.492 93.559 
15.891 46.959 78.026 109.093 


124.627 
Fig.3.0 FE result of 10mm implant cemented 


40. 


The results of the above analysis are validated with the 
analysis result published in literature [12]. The stress in 
the proximal end of the implant is around 140 MPa as 
obtained by the analysis matches well with that 
mentioned in the above cited literature. Also the stress 
values were marched at the respective locations. The 
maximum stress is developed in the implant at the 
proximal end and stress in the bone is less compared to 
that of in implant. The finite element analysis result 
indicates that; in the proximal part of the femur, the 
bone is isolated from the stress; which is called the 
stress shielding of the bone. The load is transferred at 
the distal end of the stem which means that the bone is 
sharing the stress at the distal end. The cut section of 
the finite element model as shown in fig. 4 reveals that 
the stem shares maximum stress in the bone implant 
system. 


SEQV=4.308 SEQV=14.117 


SEQV=24. 864 


~357774 
15.891 


31.425 
46.959 


Fig.4.0 FE result of cemented 10mm implant 


62.492 
78.026 


93.559 124.627 
109.093 


SEQV=2.092 SEQV=10.641 groy=23,523 


- 736722 12.976 25.215 37.454 49.694 
6.856 19.096 31.335 43.574 55.813 


Fig.5.0 FE result of cemented 14mm implant 


The FE analysis with the bigger implant size reveals 
that the overall stress has been reduced drastically but 
the trend of the stress developed in the bone and the 
implant remains the same. The stresses developed in 
the bone for the small size implant and the bigger size 
implant under the same load and at the same location 
depicts that the bone shares less stress in the bigger 
size implant compared to the smaller one as shown in 
fig. 4 and fig.5. 

As can be seen from the analysis the bone gets more 
shielded from the stress in the proximal part whereas at 


140.16 
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the distal part the stress is getting transferred to the 
bone. Invariably the phenomenon is almost similar in 
the uncemented and cemented bone implant system. 
Due to this pattern of the load transfer the proximal 
part of the bone gets thinner and weaker. The clinical 
findings of the follow-up studies done on 411 patients 
with the fitment of the hip joint reveal the similar 


findings of bone loss in the proximal part due to stress 
shielding [13]. 


The bone remodelling studies performed by the 
researcher [14] supports the fact that the proximal part 
of the femur becomes more critical after the hip joint 
surgery this is because in the intact femur the complete 
physiological load is shared by bone alone however 
due to insertion of the metallic implant the pattern 
changes adversely in the favour implant being the stiff 
component. According to the bone remodelling theory 
the bone remodelling rate is the function of the 
difference in the stress or strain induced in the intact 
bone and implanted bone at the same location [14, 15]. 
In case of implanted femur the metallic component 
changes the stress pattern; as the bone is sharing less 
stress; the bone remodelling gets severely affected 
which leads the bone to fragility and revision surgery 
becomes even critical. The weakening of the bone is 
more in the proximal region which shares a very less 
stress; as a result the proximal part is most adversely 
affect area of bone bed. 


DISCUSSIONS AND CONCLUSION 

The effect of the implant fitment in the bone is that the 
proximal part of the femur gets affected badly. The 
amount of the reduction of the bone stress is more in 
case of the cementless implant as the implant size is 
bigger. Also according to the composite beam theory, 
the load shared by the composite system is 
proportional to the rigidity of the individual component 
in which the geometric and material properties play the 
major role. For the cemented implant fitment the stress 
shared by bone is more as the implant is relatively 
small in diameter due to cement layer. Addition of the 
cement layer between the bone and implant creates 
additional interface layer which may be prone to 
increase the chances of failure at the interface. The 
quality of the bone bed available for implant fitment 
also affects the stress pattern. It may be noted that the 
stiff bone shares more load compared to weak bone 
which changes the choice of implant selection. 


In case of the implant fitment, the load sharing is 
bound to change and the stress shielding is inevitable. 
As such there is no threshold value exists for the 
acceptable level of stress shielding, hence the implant 
dimensions and the material properties are to be 
selected in such a way that bone load sharing pattern is 
least affected at the same time implant should be able 
to sustain the joint load without compromising on its 
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intended function. The reduction in the implant 
stiffness reduces the stress shielding hence there is a 
need to develop strong and flexible implant to 
minimize the stress shielding problem. The possible 
solution for this problem may be a composite implant. 
In order to select the implant the simplified finite 
element analysis as presented in this article can 
provide the meaningful inferences on the mechanical 
aspects of bone implant system. 
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